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ORIGINAL 


ARTICLES 


LOSS OF CHLORIDE AND WATER FROM THE TISSUES AND BLOOD IN 
ACUTE HIGH INTESTINAL OBSTRUCTION 


An Experimental Study on Dogs With Duodenal Obstruction* 


BY JAMES C. WHITE, M.D., 


Ir is now a well known fact that in uncom- 
plicated cases of high intestinal obstruction cer- 
tain fundamental changes take place in the 
blood. These are :— 


1. A fall in the chloride, 
2. A rise in the non-protein nitrogen, and 
3. An inerease in the carbon dioxide content. 


The fall in blood chloride was first described 
by MacCallum and his associates’, the rise in 
non-protein nitrogen by Tileston and Comfort’, 
and the increase in the carbon dioxide content 
of the blood by McCann*. These changes have 
since been corroborated in a large number of 
clinical and experimental investigations, among 
which may be cited the papers of Hastings, Mur- 
ray and Murray‘, Haden and Orr’,’,’, Gamble 
and Ross*, and Hartmann and Smyth’. 

Preceding all these blood chemical studies was 
the observation, made by Hartwell and Houget*® 
in 1912, that life in cases of acute obstruction 
could be prolonged by saline injections. They 
attributed this chiefly to the relief of dehydration 
by the water. ‘his interesting clinical phenom- 
enon was subsequently lost sight of until the 
work of MacCallum' and Haden and Orr’, who 
demonstrated that the above mentioned char- 
acteristic changes in the blood chemistry could 
be prevented, and again pointed out that life 
could be greatly prolonged by the administra- 
tion of adequate amounts of isotonic salt solu- 
tion. At the same time Haden and Orr showed 
that little could be accomplished by water alone 
or isotonic glucose. Unlike Hartwell and Hou- 
get, they attributed this life sparing property 
of salt solution, not to the water but to the 
chloride ion, believing that it enters the tissues 
to neutralize a hypothetical toxie substance®,’ 


' formed by the protein decomposition products 


in the obstructed bowel. 
On the other hand, we find that Gamble and 
Ross* believe that death in uncomplicated cases 


*From the Surgical Service of the Massachusetts General 
Hospital and the Surgical Research Laboratory of the Harvard 
Medical School. 


AND EDWARD M. BRIDGE, M.D. 


of high intestinal obstruction is primarily due to 
dehydration rather than to toxemia. They fur- 
ther differ from Haden and Orr in considering 
that it is the loss of sodium ion, rather than the 
lowered level of the blood chloride, which is of 
vital importance. They show that carbon diox- 
ide, which is being constantly formed in the 
process of normal metabolism, can take the place 
of even extensive loss of chloride from the blood, 
thereby keeping the body electrolyte constant ; 
but that, when sodium ion is lost, it is not nearly 
so effectively replaced, and the total electrolyte 
is correspondingly lowered with an accompany- 
ing loss of body water. Hartmann and Smyth® 
also take exception to Haden and Orr’s theory 
that most of the chloride enters the tissues to 
neutralize a hypothetical toxin arising in the ob- . 
structed intestine. These most recent contribu- 
tors report a large series of observations on chil- 
dren with pylorie obstruction and agree with 
Gamble and Ross that the chloride is probably 
all lost in the vomitus, although they report no 
actual measurements on the amount of chloride 
eliminated. 

All these writers, therefore, agree on one point 
—that salt solution can be of the greatest value 
in prolonging the life of individuals suffering 
from high intestinal obstruction—but, as to its 
physiological action, there still seems to be a 
wide variation of opinion. Because there has 
been so much speculation and because so little 
has been reported on the exact chloride changes 
in the tissues and on the relationship of the 
chloride and water lost in the vomitus to the 
changes observed throughout the body, it seemed 
to us important to determine whether there is a 
migration of chloride out of or into the tissues, 
and what proportion of the total body chloride 
and water is lost by vomiting and other chan- 
nels of elimination. The measurement of the 
sodium lost, and alterations in its-level in the 
body are of course equally important. We are 
confining the present communication entirely to 
the chloride and water changes, but hope to re- 
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port on these other changes in a subsequent 
paper. 

Experiments were, therefore, conducted on a 
series of eight large dogs, in which the duo- 
denum was either ligated with a tape ligature or 
cut across and its ends inverted. This was al- 
ways done at a uniform level, about 10 em. be- 
low the pylorus. The operation was performed 
under ether anaesthesia and during it samples 
of skin, rectus muscle, and omental fat were re- 
moved for chloride analysis. Before operation 
and at regular intervals thereafter, blood sam- 
ples were collected under oil in oxalate tubes 
from the leg veins and analysed for plasma 
chloride, non-protein nitrogen, and carbon diox- 
ide content. The blood concentration was meas- 
ured by a hematocrit reading and a determina- 
tion of the specific gravityt. The dog was kept 
in a metabolism cage, and all the urine and vom- 
itus were analyzed together to obtain the total 
loss of chloride and water. At the same time an 
accurate account was kept of all water drunk or 


administered by other channels. When the dog 


appeared to be moribund, he was usually killed 
with ether or chloroform and an autopsy per- 
formed. In this way it could be ascertained 
whether obstruction was complete, whether any 
considerable quantity of gastric contents had es- 
eaped analysis, and whether there was peritoni- 
tis or any other complication. Samples of the in- 
ternal organs were taken for chloride analysis. 
In the case of the skin, fat and muscles, the nor- 
mal values had been previously determined from 
specimens taken at operation, but in the case of 
the other organs, they had to be derived from 
the average of analyses on normal dogs. These 
normal values were so constant that the probable 
error is slight. The chloride analyses on both 
the blood and the tissues were performed by the 
method of Van Slyke'*, and are caleulated in 
terms of sodium chloride. 


EXPERIMENTAL 


Only four of the cases are reported in detail, 
as they are the most complete and show the char- 
acteristic changes when the dog is given :— 

(1) Water by mouth only, 

(2) Water by mouth plus water into the intestines 
below point of obstruction, 

(3) Water by mouth plus 3 per cent. glucose sub- 
cutaneously, or 

(4) Water by mouth plus 0.9 per cent. sodium chlo- 
ride subcutaneously. 


Experiment I. 


The duodenum in a collie dog (23 kilos) was 
divided and its ends inverted. During the 
course of three days this dog lost 5.5 liters of 
urine and vomitus, which contained 24.8 grams 
of chloride, expressed as sodium chloride (Fig- 
ure I). By far the greater part of the chloride 
was lost in the vomitus, as with increasing dehy- 
dration these obstructed animals rapidly become 


anuric. Furthermore, if the blood chloride falls 
much below the normal level, the urine becomes 
chloride free. On the third day the dog wag 
obviously moribund—he was panting rapidly 
his limbs were held rather stiffly and there Was 
a fine tremor in all the muscles with spasmodic 
contractions which were especially noticeable 
in the jaw. The rectal temperature was 105° FB 
Both because of the clinical appearance of the 
skin and the abrupt rise in the hematocrit, the 
animal seemed to be profoundly dehydrated, 
Chemical analysis revealed over a 50 per cent 
fall in the chloride content of the blood, and q 
corresponding depletion in all the individual tis. 
sues (Table I). 


TABLE I 
3rd 
day— 
At opera- Ist mori- 
tion day day 
Blood plasma chloride 730* 566 459 330 
Skin chloride... 395 229 
Heart 2607 100 
Liver 270+ 158 
Brain 2767 199 
Hematocrit 43% 65% 10% 738% 
Spec. gravity of blood 1.0606 
Non-protein nitrogen... 33 39 58 195 


Plasma carbon dioxide 53.8% 53% 55% 65% 


*In this and the subsequent tables the chlorides are expressed 
as mgs. of sodium chloride per 100 gms. of tissue. 
+Determined in three normal dogs. 


Experiment II. 


In order to show that water, even if given so 
that it can be absorbed, does not prevent the 
characteristic blood changes or prolong life, au 
operation similar to the first was performed on 
a small collie (15.36 kilos). In addition, a eath- 
eter was stitched into the distal end of the 
divided duodenum and brought out through the 
abdominal wall. Water was allowed freely by 
mouth, but he drank practically none after the 
first day. Large amounts of water were also 
introduced through the catheter into the small 
intestine below the point of obstruction. A study 
of the graphs (Figure I) shows that this water 
was rapidly secreted into the stomach and vom- 
ited. This dog, also, was moribund at the end 
of the third day and appeared to be nearly as 
dehydrated as the first. He eliminated 118 
grams of chloride, only half as much as the pre- 
ceding dog. This apparent difference is les- 
sened by the fact that in this experiment we had » 
used a smaller animal. The fall of chloride in 
the blood and tissues were substantially the same 
in both animals (Table II). Autopsy revealed 
an early and very mild peritonitis, limited to 4 
few coils of intestine in the right upper quad- 
rant; it arose from a leaky stitch. 
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FIGURE I 


Solid black columns in bottom row represent sodium chloride loss in grams. Oblique lines indicate chloride intake. 
Solid black columns in row above represent total fluid output in centimeters. Stippled columns show fluid intake by mouth, 
oblique lines fluid administered by other channels. 


TABLE II | periment III. 


i The operation of dividing the duodenum 10 
Pos day day bund |¢m. below the pylorus and inverting the cut 


a ends was performed on a very fat mongrel] dog 


Blood plasma chloride 627 583 509 384 * 1s . 
Skin ChIOTIdC.oroceconnnnn 385 909 | Weighing 17.3 kilos. He was allowed water 


112 94 | freely by mouth, but drank none. From 500 to 
Muscle “ 180 170 | 1000 c.c. of 3 per cent glucose solution were in- 
Heart 260* 95 | jected daily into the subcutaneous tissues. This 
an 153 | dog continued to secrete large quantities of 
177 | urine (Figure 1) and did not appear to become 
Hematocrit recmcnmncumnnnne 40% 54% | markedly dehydrated; his hematocrit remained 
Spec. gravity of blood 1.0644 1.0657 1.0722 | constant throughout. The specific gravity of the 


Non-protein nitrogen... 48 34 45 150 


Plasma carbon dioxide 49.5% 58.4% 74% 65% blood was, unfortunately, not determined. He 


died on the seventh day, having lived twice as 


*Determined in three normal dogs. my long as the others. The glucose had apparently 
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